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Executive Summary
In this project we propose to examine fish tuna that were once common residents of the San

Francisco Bay and adjacent habitats that are now either extirpated from the CALFED region entirely
(tidewater goby, Swifz et al. 1989, 1993), or much reduced in the bay environment (bay pipefish,
(Fcitzsche 1980 and Swift et ah 1993). Thus the study will involve populations offish that are
primarily outside the CALFED studf~.rea. However, the project will have a number of direct and
indirect benefits to CALFED. First, because impacts in the CALFED area have led to the reduction
and extirpation of some of these fish, the population genetic issues pertaining to the fish that we
propose to explore will be of importance if restocking is to be considered. Second, the issues of
hal~t’at preference and its relationship to population genetics of esmarine fishes may also be applicable
to those fish species that are of special interest to the CALFED program. Perhaps of greatest interest
in a conservation context, is that the extinction recolonization dynamics of tidewater gobies are now
well documented. Thus through the work we propose, we will also be able to explore the population
genetic consequences of variable regional extinction recolonization dynamics. This aspect of the
research will have a strong impact on conservation of genetic variation in estuarine and stream fishes
because it is one of low studies in which both the regional variation of and multiple instances of
extinctianLrecolonJzatJon can be explored such that genetic conseqnances can be assayed. Lastly, this
work will benefit a wide range of agencies by studying the genetic resources across a broad set of
estuaries along the length of California and thus contributing to a more complete understanding of the
entire system.

We propose a comparative phylogeugraphic and microsatellite study of four species of West Coast
estuarine fish, whose ranges overlap, but that differ in habitat preference and fecundity. Using D-loop
sequence, we will assess concordance of phylogeographic s~’ucture in Eucyclogobius newberryi (the
tidewater goby), C’:levelandia ios (the arrow goby), Syngnathus ~eptorhynchus (the bay pipefish) and
Leptoeottus armatus (the staghorn sculpin). In three of the taxa, the tidewater goby, arrow goby and
bay pipefish, we will examine differences in population genetic structure resulting from habitat
preference using miorosatellites and D-loop sequence. ’in one taxon, the tidewater goby, we will use
these classes of data to explore the population genetic consequences ef different extinctior~re-
colonization dynamios across the range.

One o~jective of the phylogeographic study is to determine whether other taxa exhibit the deep
break we find in our preliminary tidewater goby phylogeography. The tidewater goby, arrow goby
and bay pipefish a~e estuarine restricted taxa in which one would anticipate stepping stone gone flow.
The tidewater goby frequenls small, ofien-olnsed, stream-mouth estuaries subject to hydrologic
changes that result in fi’equent extinction/re-colonization of local populations. The sister taxon, arrow
goby, inhabits more open, tidal, estuaries not subject to such dynamic changes in habitat and the bay
pipefish inhabits eelgrass beds in open estuaries, a habitat subject to natural and anthropogenic
disturbance. In contrast, the staghorn sculpin is a fecund and continuously distributed coastal fish that
should lack the stepping-stone population qualities of the exclusively estuariue taxa in the analysis.
Given fecundity and preferred habitat, we anticipate declining genetic subdivision in the following
order: tidewater goby > bay pipefish>a~ow goby> staghorn sculpin. With this hierarchical design we
will be able to address questions about the commonality of patl~rn in phylogeography as well as the
particular ird]uence of reproductive mode and habitat preference on population structure and gone
flow.

The tidewater goby is of special interest due to its federal end~mgered species status (currently
under discussion for de-listing), and because thare is docmnentation of extinction/re-colonizatian of
populations. We will examme three hypotheses specific to the tidewater goby: l) That genetic
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diversiq/of local populations increases with latitude due to the irdluence of hydrnlogy on
metapopulation processes; 2) Ttmt recently re-colonized populations have lower genetic variation than
those that have not gone extinct; and 3) That there is directionality of re-colonization associated with
long-shore currents and this will be reflected in the genetic distances and measures of gone flo~v
betweer~ "upstream" and "downstream" potential source populations.

For the D-loop phylogeographic~roject, samples will be collected throughout the range of the four
species considered. For Ihe more detailed assessment using microsatellites, ,sampling will be focused
in a suhe of estuaries around Point Reyes, Morro Bay and Point Conception/Southern California
Bight. To reduce D-loop sequencing, a restriction digest/SSCP screening protocol will be used. For
population genetic analysis of D-loop and microsatellite data, exact tests will be conducted between all
pairs of samples to assure appropriate grouping of samples. We will then examine structure within
and between estuaries using a nested analysis nf variance/F-statistic derived approach implemented by
¯ e program Arlequin. in addition, measures of genetic subdivision (e.g. Fst) will be calculated for all
pairs of localities, and regressed agalmst physical distances to assess isolation by distance,

This work addresses littoral dispersal processes, estuarine habitat partitioning and metapopulation
dynamics. These issues are of fundamental interest relating to the evolutionary I~rocesses of marine
taxa and of critical importance in lisheries management and the conservation of estuaries.

The total cost of the project is estimated to be $385,808.00
Our project not only considers the federally lisled tidewater goby. but also addresses issues

concerning other estuarine taxa, such zs the bay pipefish. Thus it is of interest to a variety of federal
regional and local agencies charged with the management of endangered species and genetic resources
in the estuaries. On the federal and state levels, these include the EPA, the U.S. Fish and Wildlife
Service, and the California Department of Fish and Game. Results of our work are of critical interest
for management and policy decisions a~ local administrative units charged with the maintenance of
genetic resources, including those at Vandenberg Air Force Base and the Camp Pendleton Marine
Base. The latter location is of particular interest as our preliminary results (Fig. 1) document that a
genetically differentiated "sto~:k" of tidewater goby now lives almost exclusively on Camp Pendletun.
In another direction, pipefish and ~ea horses have been impacted by a range of human activities
worldwide and are the subject of the international conservation initiative Project Seahorse b~scd in
England.

We have a well equippe~ molecular lab suitable for addressing the range of
molecular/population genetic questions proposed here. In addition we have substantial (deep -frozen)
collections in hand including over 700 tidewater gobies (see Table 1 ), including substantial pro- and
postqisting collections, as well as 163 arrow gobies fi-om 6 locatians, ~u~d over 500 individuals of bay
pipefish and 95 staghom scalpin from 13 locations. Substantial additional collecting wilI be essential
for the project for which we already possess perndts.
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Project Description
Proposed Scope of the Work.
The estuaries on the West Coast form an array of separate habitats that are generally isolated

from one another (Errmaett ct al., 1991; Swift et at., 1993). We propose to exploit the relative isolation
of West Coast estuarine fish populations to explore gene flow along the coast. Specifically, we will
examine the population genetics of f~ar fish taxa using sequence from the D-loop (mitochondrial
control region) arid microsatellitas. Using these data we will a) explore common geographic patna-as
that result from a shared history, of dispersal, b) examine the effec~ of habitat preference on population
struc’mre and c) compare the impeat of rcgionaIized prnnesses relating to extinction/re-colonization
dynamics within a taxon.

Population structure along the West Coast has been examined in three broad categories based
on the life history strategy of the organism. Those with a dispersal phase in their life history, those
that lack a dispersal phase, and the partially or fully anadrumous taxa such as many saltnonids.
Orgartisms with a dispersal phase in their li~i: history generally exhibit lillle population subdivision or
structure. This has been demonstrated for corals, barnacles and fish using allozymas (see Burton,
1998; Hellberg, 1995,1996), and in urchins using both allozymes and mitochandria! Cytochrnme c
Oxidase, subunit 1 (CO1) (Edman,:Ls at al., 1996). An extensive study el’large bodied fish with early
ontogenetie dispersal phases documents high gone flow values (Waples, 1987) that correlate positively
with fecundity. This relationship that has now been confirmed in stre0an fish (Turner et at., 1996).

[n contrast, organisms with a limited ability to disperse display considerably more population
structure and phylogeographie patterning. The COl sequence of the upper intertidal copepod
Tigriopus californicus fi-om an army nf coastal and channel islands sites exhibits dramatic sequence
divergence and fixed allelic differences (Burton, 1997,1998; Burton and Feldman, 1981). This
phylogeographic pattern reflects the long independent evohitionary histories of closely spaced
populations.

Many taxa show dramatic population genetic differentiation between the Atlantic and Gulf
coasts, a pattern that is concordant with faunal boundaries (Arise, 1992,1994). As such, it has been
anticipated that breaks in gene flow on ~e West Coast would be closely associated v4th marine
province boundaries, such as that found at Point Conception (Burton and Lee, 1994). Burton (I998)
recently tabulated of the results cf ganetic studies over a range cf invertebrate populations. This
tabulation fails to identi~ any instances that document a break in the population genetic data that
closely coincide wi*d~ Point Conception.

The lack of a deteetabhi break in these data may relate to complex physical and historical
processes that also inf/uence the phylogeography of marine organisms. Studies of eta’rent flow along
the West Coast suggest that current structure is complex, multidirectional, and not very stable over
time (Lynn and Simpson, 1987). The California Current is the major West Coast current flowing
north to south. Both the Davidson Current and the California Undercurrent flow from south to north
during much of the year. Several studies have documented the movement of dri~ markers from the
Santa Moniea Bay (Hickey, 1992) and the Santa Barbara channel (Hendersehott and Winant, 1996).
Surprisingly, these markers travel northwards around Point Conception, although the mass flux is
thought to be southwards into the California Bight. As such, there appears to be opportunity for bi-
directiomal, but unpredictable dispersal of matine organisms throughout the year. In additior~ to these
major currents, long-shore currents associated with breaking waves may be particularly important for
dispersal between small estuaries ~at are closely spaced. In contrast to the major currents, long-share
currents are predictable and arc relatively uniform, in a southerly dircctian over stretches of the
coastline.
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Sea level may liarther complicate the historical phylogeographic pattern along the West Coast.
For most of the last several hundred thousand years, sea leveI has been at values in the range of 50 to
100 meters lower than today ($backleton, 1987). These low and fluctuating sea levels altered currents
and coostal topography. Bathymetric aoalysis suggesls there was some shalJow water partitioning of
the California Bight at tbese lower sea levels. Both allozyme work on the kelp fish Gibbonsia (Stepien
and Rosenblatt, 1991), and a previously mentioned urchin study (Edmonds et oh, 1996) suggest there
are coincident breaks in population genetic structure in this area.

The processes that influence population structure on the West Coast a~¢ clearly complex and
the resolution of any genetic structure depends on the sensitivity of the techniques employed. A high-
resolution analysis that simplifies aspacts of the problem is required ifa coherent signal regarding
gone flow along the Pacific Coast is to be obtained. In this regard, we propose that studies of estuarin¢
restrioted taxa may have particular utility. The isolation of these discrete habitats should be ideal for
maintaining geographic population structure. This spatial an’angemetu is likety to accord with the
island and stepping stone type models of gene flow such that the analyses may be powerful and
biologically relevant in this context. An emphasis on estuarine restricted, low fecundity "brooding"
taxa should contribute to resolving population genetic structure and the analyses need only consider
coastal habitats, as estuarthe habitar is uncommon in the Channel Islands. Furthermore, a
methodological approach that combines aritochondrial sequence and microsatellite data should allow
for high resolution of the processes that influence population structure along the West Coast.

The four taxa selected for this study are the tidewater goby Eucyclogobius newberryi
(Gobiidae); the arrow gnhy Clevelandia los (G’obiidae), the bay pipefish Synguathus leptorhynchus
(Syngnathidae), and the staghom sculpin Leptocottus armatus (Cottidae). These taxa are referred to
by their common names throughout this proposal.

Tidewnt~r gobies have a range from Smith River hi northern California to Agna Hcdionda in
southern California (Swift et at., 1993, 1989; Lafferty et al., 1996). They most commonly inhabit
estuaries, especially enclosed lagoons of coastal streams (Swift et al., 1993; Swanson and McCray,
1996). Spawning occurs predominantly in the summer months and the fish live for a year. Males
defend eggs that are attached to the sides of burrows. The eggs hatch in about 9 days, releasing
polagic larvae that metamorphose and settle to the benthic substrate.

Arrow gobies have a range from Vancouver, British Columbia to Magdalena Bay, B~ja
Calilbrnia (Hart, 1973) The adults inhabit sheltered bays, estuaries, lagoons and tidal sloughs where
they tolerate extremes of temperature and salinity. At low tide. the fish frequently exploit the burrows
of the echiuran worm Urechis, and the ghos~ shrimps Callianassa and Upogebia (Hoffi’aan, 1981).
Males guard eggs attached to burrow wails, and the eggs hatoh to produce pelagic larvae. The fish arc
not thought to migrate between locations (Prasad, 1958), however 10 day old pelagic larvae have been
found in the California Current (Watson, 1996).

Bay pipe~sh have a range from southeastern Alaska to Baja California where they inhabit
estuarine eelgrass beds (Orsi et al. 1991), a habitat that is very vulnerable to natural and anthrnpogehic
disturbmace. The female pipefish lays her eggs in the male’s brood pouch where they are fertilized and
reared. When fully developed, the free-swimming young are released from the brood pouch into the
water column (Jones and Avise, 1997a; Fdtzsche, 1980, 1984; Watson and Sandknop, 1996).

Staghorn sculpin have a range from the Gulf of Alaska to northern Baja, California (Jones,
1962; Hart, 1973; Armstrong et at., 1995) where they inhabit estuaries and the lower reaches of some
coastal habitats (depending on seasonal fluematiuns in salhnty). The adults at~e restricted to marine
water for breeding and produce thousands of eggs per spawn, which subsequently develop into pelagic
larvae (Ambrose, 1996).
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Laboratory Facilities.
The laboratory of David K. Jacobs is in the Department of Organismic Biology, Ecology and

Evolution at UCLA. The total floor space of the lab is 1800 square feet with benches supplied with
gas, vacuum, compressed air, distilled water and sinks and a utility area with 2 ventilation hoods,
dishwasher and autoclave and drying ovens. And a 150 square foot cold room. The laboratory is
equipped with (l) Forma Scientific ~°C ultra-cold chest freezer, multiple refrigerators, (1) "20°C
freezer; a Millipore Water filtration unit, (I) Sorvall RC7-B refrigerated centrifuge with rotors, (1)
Speedvac evaporator, (2) Eppendorf 5415C Microcentrifuges, (2) M.I Research Minicycler thermo-
cyolers, (1) Perkin Elmer Gone amp 24~30, (1) Pharmacia spectrophotometer, (1) Fisher BioTech
FB650 power pack, (4) BioRad Sequi-GenTM sequencing ceils, (1) BioRad Model 583 gel dryer, (1)
Hocffer Scientific [nstrument. SE1140 gel dryer, (2); BioRad PowerPac 300 power supplies, (2)
BioRad mini-sub DNA cell rigs, (1) BioRad DNA sub cell rig, (1) Ultra Lure CCD camera and
graphic pnnter, and (1) UV transilluminator. We also have the following computers: Apple Power
Macintosh G3 (73001200) personal computer with 6,4.M1] of physical memory, I GB of storage, and a
dual-speed CD-ROM drive (1). Apple Power Macintosh 7100/66 personal computer with 16MB of
physical memory, 260MB of storage, arid a dual-speed CD-ROM drive and4 additional Macintosh
computers.

Other Resources.
Departmental facilities include secretarial assistance, machine and electronics shops and an

automated X-ray film processor. The automated sequencing will be conducted by The DNA
Sequencing Facillty, California State University at Northridge. This facility is competitively priced
and we have an ongoing collaboration with this laboratory. The microsatellites will be mn in the
laboratory of Dr. Lanzm’o at the University of Texas Medical Center, Galveston (see supplemental
documentation). Dr. Lanzaro has an abundance of expertise in this area.

Location of the Project.
The estuaries treated in the analysis include sample localities in all the coastal counties of

California. Two areas will be treated in greater depth h~ both D-loop work and microsatel]ite studies.
These areas are 1) from just North of Pt. Conception in San Luis Obispo County south through San
Diego County, and 2) a suite of estuaries around Pt. Reyes in Matin and Sonoma counties.

Ecological/Biological Benefits
Ecological/Biological Objectives.

Using sequences for the D-loop and microsatellites, we will exanaine the population genetics of four
fish taxa that in.habit estuaries. These data will be analyzed to:

I. Explore common geographic patterns that result from a shared history of dispersal.
2. Examine the effects of habitat preference on population structure.
3. Ana!yze the impact of regionalized processes relating to extinction/re-colonization dynamics
within a taxon.

An exoloration of common geocranhie ~>atterns that result from a shared history of disnersa~
~ We predict that in marine organisms that have the ability to disperse, estuarine restzicted
organisms with low fecundity are the must likely to demonstrate geographic structure. To explore this
prediction, we will reconstruct the intraspecific phylogenetic relationships within four fish species
using mtDNA D-loop sequence. The resulting phylogeographie Irees will be compared and analyzed
for concordance of geographic structure. If these comparisons reveal concordance, the geographic
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structure will be related to the physical processes that are considered to influence dispersal along the
California Coast.

If no concordance of phylogeographic structure can be demonstrated, it would suggest that
population genetic structure along the West Coast is not the consequence ot’a discrete set of correlated
geographic dispersal processes. It may be that geographic differentiation only occurs in organisms
w~th neghg~ble &spersal ablhty, a perspective supported by a revtew of the rnanne populatmn genettc
data by Burton (199g), Such an outcome would be of considerable interest, as a wide range of basic
salentiflc i~sues, as well as management decisions hinge on the nature and degree of common pattern
of dispersal in nearshore marine taxa.
An examination of the effects of habitat t~reference on not~ulation structure (Obiective 2)

To generate a more derailed understanding of the factors controlling gene flow and population
subdivision, we will examine the impact of habitat preference and fecundity on population structure
using mitochondrial D-loop sequence data mad microsatellite loci. Based on our knowledge nfthe
habitat preference of the seleeted taxa, we anticipate a declining trend in population subdivision in the
following order: tidewater goby > bay pipefish >arrow goby> staghorn sculpin.

To address objective 2, we will employ microsatellites. Microsatellites are short stretches nf
DNA composed ofdi-, tri÷. or tetranucleotide base pair recur units ~rrayed in tandem (summary in
Wright and Bentzen, 1994). Their high mutation rate and resultant high levels of length polymorphism
make them particularly usclhl in discerning recent dlverget~ce and genetic diversity and in resolving
details of geographic structure in populations (Walton et at., 1998; Van Oppen et at., 1997; Ruzzante
et al. 1996). Microsatellites are being increasingly used in population level studies (review in Bmford
et al., 1996; O’Connell and Wright, 1997; Park and Moran, 199~-; Slatldv_ 1995). These nuclear
markers may be particularly informative in taxa that display male brooding and egg guarding as this
kind of mating system (Jones mad Arise. 1997a and b: Jones et at. 1998) may lead to greater female
rather than male dispersal, In addition to providing a nuclear component to our research, the
mierosatellite study is designed to address specific comparative questions relating to habitat preference
and population subdivisio~ in the arrow goby, bay pipefish and tidewater gob3,,

The arrow goby and the bay pipefish inhabit the same estuaries and although both brood their
young, they have ve~- different habitat preferences, The arrow goby uses the burrows of other
organisms fbr cover and achieves high populatiou densities in the tidal fiat habitat. These densities
suggest rhat arrow gebias experience low barriers to dispersal withJ.n the estuary and possibly beVc~’een
elosuly spaced estuaries. In con~xast, bay pipefish would appear to face greater challenges to dispersal.
Bay pipefish depend heavily on eelgrass bed~ for camouflage and protection from predation, however,
eelgrass beds are themselves extremely fragmented (Fritzche, 1980; B. Hoffman pets. comm.). We
predict that the bay pipefish will exhibit reduced gene flow, greater population subdivision and greater
isolation by distance than arrow gobies.

In addition to the bay pipefish comparisons, arrow gobies will also be compared with their
putative sister taxon, the tidewater goby. Tidewater gobies preferentially inhabit small stream mouth
estuaries. In the summer, the mouths of these estuaries are often closed off from the sea because of
reduced stream flow and beach processes Ihat generate berms. Most goby reproduction takes place
during this period. As such, we predict thaz tidewater gobies will exhibit reduced gene flow, greater
population subdivi:f~on and greater isolation by distance than arrow gobies,
A comparison of the impact of rcgionalized processes relatin~to extinction/re-colonization dynamics
within a taxon (Objective 3)

Tidewater goby populations are highly vulnerable to changes in the hydrographic regime in the
small streams they i~thabit. Flooding and desiccation lcad to extinction of whole populations. Because

7
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of climate, the variance in stream llow is more extreme in Southern California as compared to
Northern California. As such, the frequency of extinctiordre-ct~h~nization events varies with both
latitude mad the range of stream szze present in a region. The extinction/re-colonization events in
tidewater gobias in Southern California have been documented (Fig 2; Lafferty et al., in press). Thus,
we have a unique opportuni~ to examian the genetic structure of tidcwater goby populations in the
context of the history of extinctian/r~colonizatian dynamics. This will be aabieved using
mitochondrial D-loop sequence end microsatellites.

The impact of extinction/re-colonization events on genetic diversity and population divergence
will reflect both the number of individuals involved in re-colonization and any bias in terms of source.
l’f large numbers of individuals are havolved in re-colonization, gene flow could be anhanced and
population differences diminished (Slatkin 1977, I987). Alternatively, biases in recruitment resulting
from re-eulonization by adjacent populations (stepping stone) or directional recruitment could cause a
reduction in ~he effective population size and increased genetic differentiation (Wade and MeCauley,
1988; Whitiock and McCauley, 1990; Whitiock and Barto~ 1997).

We propose to compare the genetic diversification within and between populations of tidewater
gobies that inhabit sites with different histories of extinctiuru’re-colohization. In addition, we wilI
examine the impact of biases in re-eolohization on the effective sizes of individual populations and
neighborhoods. To this end, we will sample populations of tidewater gobies from three areas, Point
Reyes, Point Conception m~d San Diego (Camp Pendleton).

The northern sites around Point Reyes have not been formally studied, but the more stable
hydrographic regime makes it unlikely that the goby populations in this ~rea are susceptible to
extinction!re-ealonization. Around Point Conception, several large systems harbor goby popuiations
that are not subject to extinction. Between the larger systems lie smaller streams where recent
extinetlon end re-colonization have occurred. In this region, we anticipate bias in the direclion of re-
colonization of extinct sites caused by io ~g-shore processes. Such bias in combination with stepping
~tone behavior, and potantially small nu~thers of recrnits should lead tc founder effects and reduced
genetic variation in, and increased difl’erentiafion between, the re-colonized populations (DybdahI
1994). In contrast, the San Diego (C~unp Pendleten) area consists of tightly spaced small stream-
mouths, harboring goby populations that are subject to frequent extinction/re-colonization events
(Figure 2; Lafferly et at., in press). We suggest that tidewater gobies in this area approach a classic
Levin’s (1970) t3,pe metapopulafion in terms of the comparable probabilities of extinction in all
streams, and re-colonization tiom all local populations.

The tidewater goby data collected from the Point Reyes sites described in the previous section
(Objective 2) will be used for these analyses. Tidewater gobies will be collected from 10 sites around
Point Conception. Sites that harbor tidewater goby populations that bare not gone extinct are the Santa
Ynez River, Canada Santa Anita, Bell Canyon and Ventura River. The sites where recent
extinction/reoulonization has occurred include: Jalama Creek, Gaviota Creek, Refugio Canyon, Arroyo
Burro, Ormond Beach, Malibu Creek. Microsatellites will be assayed in 50 individuals from each of
these 8 sites. The San Diego (Camp Pendleton) sites are San Marco Creek, San Onofre Canyon, Las
Fhires Lagoon, Hidden Lagoon, Aliso Canyon Lagoon, French Lagoon and the Santa Margarita River.
The San Marco Creek, San Onofre Canyon and Santa Margarita River sites are currently extinct so we
will be limited to the l~sh collected in 1990 that are already in the laboratory. We anticipate studying a
total of 300 fish from this group of 8 sites. As such, our sample sizes will be lower than the 50 fish per
population optimum for microsatellites. Nonetheless, the preliminary D-hiop data for these sites
shows that these populations have low genetic vuriance such that large sample sizes may not be
essential.
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Significance of Proposed Research.
An exoloration of common ~en~ra~hie ~arterns that result from a shared history of diseersal

The comparative phylogeographic analysis of cstuarine fish D-loop sequences wilI document
evidence for the dispersal processes Sperating along the coast of Calilbmia, a subject that is not well
understood. A clarifisafion of these processes is of critical scientific and applied interest. Dispersal is
an essential component of marine evolution and ecology. Furthermere, an adequate tmderstan~ng of
dispersal processes are fundamental to fisheries management and the establishment of marine refuges
and protected areas.
An exammafion of the effects of habitat nreference on eonulation s~ructure (Objective 2)

Our prelimina~ data suggests that habitat preference strongly influence population genetic
substructure. The proposed comparisen of three taxa with different habitat preferences using detailed
sampling regimes and state of the art micresatellite techniques, will resolve the effects of habitat
substructure in the estuarine enviromnent. The effects of habitat preference on genetic partitioning in
the marine realm appears to be a relatively little explored issue of scientific interest, and to date no
studies have directly addressed this issue ale~g the West Co~s~. Estuaries are heavily impacted by
haman activities that have important implications lhr ~he federally endangered tidewater goby.
Moreover, eelgrass beds, inhabited by the bay pipefish, support a unique fauna ~hat is particniarly
sensitive to human activities. Thus, establiski~g a baseline of genetic partitioning within these
estuaxine habitats is of critical importance bethre they are degraded.
A comparison of the impact of rec;ionalized processes relatin~ to extincfion]re-colonizafion dynamics
within a taxon (Objective 3)

The known extinction]re-colonization dynamics of the tidewater goby in conjunction with the
available samples presents a unique opportunity to study the impact of extinction]re-colonization
dynamics on the population genetic structure of this taxon. For this purpose, the wlue of this system is
greatly enhanced by the gradat~ot~ in extinctiordre-colonizadon dynamics with changing hydrography
from the northern to the southern part of the range. Thus, over and above the status of this taxon as a
federally endangered species, the elucidation of the relation between extinction]re-colonization
dynamic and population genetic structure is exceptionally important in this area, as thenry has far
oulpaced empirical tests. This work has obvious applied value in ~crms of the appropriate management
of~his taxon and in terms of the management of endangered taxa in the context of metapopulation
process.

Benefits to Third Parties.
As mentioned in the executive summary, ~his study will be of direct benefit to those charged with

the management of species and genetic resources involving the endangered tidewater goby. These
include parties at the federal and state level as well as managers of such units as Vandenberg Air Force
Base and the Cmnp Pendleton Marine Base. In addition there will be benefits to those with more
general interest in ~he genetic subdivision of estuarine taxa and the marine processes that relate in such
processes. Interested parties would include NOAA because of the estuarine topic, more specifically
the National Marine Fisheries Service. More generally, the results of this works will interest parties
concerned with mechanisms of population subdivision that involve the effects of different habitat type
in aquatic systems and the population genetic consequences of extinction tecoloalzation dynamics,
such as thase studying subjects that are encompassed by CALFED objectives. In addition as the
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proposed questions are fundamental in the application of population biology to conservation, a very
broad suite of organizations and individual researchers stand to benefit from the proposed study.

Technical Feasibility and Timing
This work is more comparative than other studies as it involves multiple techniques and

several laxa. However, nothing abo~ the techniques is particularly complex or novel and our
preliminary data (Fig 1.) suggests that they will bear f~.it that is of considerable importance. Thus,
this comparative approach should provide clearer tests of hypotheses.
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Monitoring and Data Collection Methods
Biologic a]iE enio gical Objectives.
We propose to use two classes of analytical melhods in this stud.v, phylogeographic and

population genetic. Although, both D-loop and microsatellite data can be applied to both types of
study, mituchondrial sequence is of particular value in phylogeography due to its haploid non-
recombining nature. As such, it shouqd undergo a simple bifurcating evolutionary process, even within
populations. Vertebrate mitochondrial DNA in general, and D-loop in particular, evolves relatively
rapidly and therefore has the capacity to capture biogeographic structure within populations tlmt have
evolved over modest lengths of time (Lee et al., 1995; Arise, 1994). In contrast, microsatellites are
repeat regions in nuclear DNA that evolve by slippage, with new alleles being generated very rapidly
(as many 3 to 4 orders of magnitude thster than other loci). Due to their high degree of polymorphism
and diploid nature, they are ideal for studies of parentage and fine-grained analysis of population
genetic process. Unlike mituchondrial DNA, departures from Hardy-Weinberg can be assessed as a
component of variance in microsatel/ite studies. However, because of the simple nature of
microsatellite allelic differences (repeat nunther) and the rapidity of their evolution, microsatellite loci
become saturated relatively quickly and do not retain a deep or ancient record of events. Thtm,
microsatellites and D-loop sequence compliment each other in that D-loop is optimal for
reconstructing the phylogenetie relatiot~ship of closely related lineages and microsatell~tes permit the
reconstruction of fine-scale population process. This combination ef analyses is most comparable to
the approach taken by Turner et at. (I 996).

Monitoring Parameters, Data Collection, and Data Evaluation Approach.
We have a substantial fraction of the fish necessary to complete this study although a number

of additional collections will be required. We are storing over 700 tidewater gobies from 31 locations
(Figure 1); 163 arrow gobies from 6 locations; 500 bay pipefish from 12 locations and 95 staghorn
sculpin from 13 locations from British Columbia to San Diego. We will compare the population
genetics of arrow gobies and bay pipefish from an additional 12 sites in estuaries located around Point
Reyes, Morro Bay and the Southern California Bight. Fifty individuals will be sampled from each of
these 12 sites and assayed for 5 variable miuresatellites:

DNA will be extracted from tissues following the CTAB and Proteianse K protocol in Dawson et
at. (1998). The D-loop will he amplified using standard PCR conditions and primers from Lee et al.
(1995) for all fish taxa except for the bay pipefish. Species specific primers have been designed in our
lab to amplify the D-loop in the bay pipefish. Single Strand Conformation Polymorphism (SSCP) will
be used to cost efficiently identify and screen for individuals with mutations, and hence nucleotide
changes using a restriction digest, standard SSCP protocols, and SYBR Green staid to visualize the gel
using UV light. Once an individual’s geno~pe has been shown to have a novel genotype via this
method, the PCR amplified DNA is isolated from the PCR mixture using QiaQuick PCR clean-up
cohimns (Qiagen) and is eluted into l OrraM Tris (pH 8.5) manual or automated sequencing. DNA
sequences are manually generated using the Sequenase 2.0 DNA sequencing kit (Boehringer-
Mannheim), and visualized with gel electrophoresis and autoradiography. The primers used to amplify
the D-loop from fish DNA are used to directly sequence the PCR amplified D-loop DNA. In cases
where the amplified product is in low concentration, the DNA is cloned prior to sequencing using the
TOPO-TA cloning kit (Invitrogen). These templates are sequenced using universal primer sites located
in the cloning vector flanking the inserted DNA. Primers to amplify microsatellites of tidewater gobies
have been provided to us by Holly Mendonca. We anticip0Xe these primers will also be usefifi in the
sister taxa, the arrow goby. We have five microsatellite primer pairs for the bay pipefish, four of which
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have been provided by Adam Jones (Jones a~d Arise, I997a) and the last set from the stickleback
Gasterosteus aculeatus has also shown to amplify in the bay pipefish (Taylor, 1998)

Data Evaluation.
Objec~ve 1 will be explored by constructing phy2ogecgraphic trees ush~g parsimony and

m~ximum likelihood and PAUP version 4.0 sof~va~e. Support for tree topologies will be assessed
using bootStrap and Bremer support ~13rcmer, 1994). Ifphylogecgraphies are discordant between taxa,
the statistical significance of this discordance will be assessed by comparing ratios of likelihood given
the pairs of tree topologies and data setS (Felsenstien, 1981). A re-sampling approach will also be
devised to assess how lflcely the observed geographic structure is, given the degree of genetic
p~wdiioning in the data.

We will use the exact test to generate and initiate comparison of all samples including those
collected on different dates fi~om the same locality. We will generate F~ statistics fer all pairs of
samples and these will be used in isolation by distance analyses (Hellberg, 1995, 1996; Turner et al.,
1996). In the case of known instances ofre-cnlorfizadon "upstream and downstream" source sites will
be compared to see if have they different properties in terms of regression of population differentiation
versus distance. Population structures derived from both D-loop and microsatellites will be explored
using the molecular analysis of variance. Here hierarchical 5~rucrure within the data will be explored to
examine neighborhoods (groups of samples) and test regional stnacturc in the data.

The populatinn genetic work to address objectives 2 and 3 will be conducted using the
comprehendive population genetic software Arlequin version 1.1 (Schneider et al., 1997). This
program implements a broad array of operations using both haplotype (mtDNA) and genetic
(microsatellite) data. Specifically it incorporates the work ofGoldstein et al. (1995) and S]atkin
(1995), on the appropriate analytical approach for distance and Fst (Rst) analysis using microsatellite
data. The program also permits facile analysis of hierarchical properties within genetic data, including
Hardy Weinberg, sample and neighborhood components where appropriate.
Table 2, Monitoring and Data Collection Information

I) Biological[Ecological
Ob, ieetives
Hypothesis/Question to be Monitoring Parameter(s) and Data Data Evaluation Comments/
Evaluated Collection Approach Approach Data Priorit,v
Examine ccmrn~n history of Complete collectinns & sequence D- Phylogenetic analysis & I
dispersal process through loop of 4 estuarine fish tests ot~ concordance

Bi[~ht and arvund Pt. Redes. progratn Arlequin.

polarit~ of dispersal.
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Local Involvement
[n collecting tidewater gobies, we are very. fortunate to be collaborating with Dr. Carom Swift,

one of the foremost authorities on California .stream and estuarine fish. The tidewater goby is a
federally endaagered species and all additional collections of this species will be coordinated by Dr. C.
Swift who has a permit for this and ~lated studies (supporting letter of collaborafiom copies of
portions of the federal and state permit and curriculum vitae attached). Additional collections of arrow
gobies, bay pipefish and staghorn sculpin will be conducted under a state permit te Kristina Louie. All
collections v41I be stored frozen and made available to other parties interested in these tara in the
fuvare.

The primers to amplii~ microsatellites from tidewater gobies have been provided to us by Holly
Mandonca who identified them as a component of her research for a Master’s thesis at San Jose State
(see attached letter and curriculum vitae).

There are many parties associated with and impacted by the outcome of this proposed project.
Some of these impacted third parties are the following: the Federal Fish and Wildlife Service, the
Departraant of the Interior, the National Oceanic and Atmospheric Administration’s National Estaary
Program, the California Department offish and Game, the Environmental Protection Agency, the
National Biological Survey, many coastal California counties, and California State and National Parks.

Cost

Budget
Schedule

The proposed work will span over three years. Work dariag the first year, October 1999-
September 30, 2000, will be devoted to completing the collections required for this study, although
many of them are already in hand. In addition, during this period of time, we will complete collection
of D-loop data for the four taxa, optbnize the available microsaldlite primers, as well as recover new
primers as needed. During the second year, October [, 2000 - September 30, 2001, we will complete
our D-loop phylogeographic analyses and submit the study for publication and conduct initial
microsatellite surveys across the targeted taxa. From Octnber I. 2001 to September 30, 2002, we will
complete the remainder of the microsatellite surveys and their respective analyses required for
hypotheses/tasks 2 and 3.

Cost-Sharing
We currently have no other support tbr the body of this work. We received $1,800 from the

Genetics Resources Conservation Program (U.C. Davis) for the 1999-2000 year to support our
collection of deep-frozen fish specimens and tissues.
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Overhead. and indirect costs have been calculated at the Off-campus rate of 26% MTDC. The rate is
negotiated and approved by the Department of Health and Human Services, UCLA’s cognizant
federal agency. The modified toU’~l direct cost base consists of total direct costs less tuition and
fee remission, eqmpment, capital expenditures, patient care, re~atal costs, scholmships, and
tellowahips and the portion of each subgratu and subcontract in excess of $25,000.
The indirect cost rate applies to both tecieral and state agencies.

COST SHARING:

UCLA will cost share 15% of Dr. David Jacobs’ salary, benefits and indirect costs.
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Applicant Qualifications

The organization of the staff and other resources to be u~ed in implementing this project.
David Jacobs is an assistant professor in the Depar~ent of Organismic Biology, Ecology and

Evolution at the University of Califo~ia Los Angeles. He received his Ph.D. at the Vh’ginia
Polytechnic Institute and State University- in 1990. He has published in a wide range of areas
involving the functional morphology of cephalopods the tuechanisms and biological consequences of
climate driven sea level fluctuation. Hc is currently developing molecular laboratory based research
program focussthg on comparative developmental genetics of invertebrates and on the population
genetic structure of West coast marine invertebrates and Fishes.

Carnm Swift is the foremost expert of Cali:tbmia estuarine fishes and gables. He has completed
many of the primary works on the tidewater goby and is still involved in field and museum related
research on the metapopulations of this endangered fish. He is an Emeritus associate curator of fishes
at the Natural History Museutu of Los Angeles County. Presently, be is a visiting assistant professor at
Loyola Marymotmt University in Los Angeles and adjunct professor at the University of Southern
California. Currently, he is also a consultant in conservation biology and t3sheries of southern
California freshwater and estuarine fishes. Dr. Swift also holds a California Department ofFish and
Game contract to study the freshwater fishes of southern California. lie has been under contract to
study the fftatus of the native f?eshwater t~ishes of southern California, including the status of the
estuarine tidewater goby, a position that provides recommendations fbr preserves to maintain their

Kristina Louie is a graduate student in the Department of Organismic Biology, Ecology and
Evolution at the [/niversity of Califbrnia Los Angeles with Dr..lacnbs. Her studies encompass
conservation biology, ichthyology, estuarine habitats and evointionary biology. She has collected the
tuajodty of bay pipefishes, arrow gables and staghom sculpins from British Coiumbia to San Diego
for tiffs project. She has generated some of fl0e arrow goby data and all of the prelituinary data for the
bay pipefish and the staghorn sealpin and continues ~ith these projects.

Michael Dawson is a ~adua~e student in the Department of Organistuic Biology, Ecology and
Evolution at the University of California Los Angeles with Dr. Jacobs & Bill Hananer. His studies
encompass evolutiona~, processes in estuaries and in the sea. He has conducted a number of studies
on the marine lake of Palau as well as work on the population genetics of West coast marine taxa. His
studies involve cnidarians and fish and he is largely responsible for the generation of the prelituinary
D-loop data set presented in Figure 1.

Collaborators
Microsatellito samples will be run at the University of Texas Medical Center, Galveston in the

laboratory of Dr. Lanzaro, who has extensive experience with microsatellite studies. His laboratory
is equipped with an ABI 377 and robotics dedicated to microsatellite work. We are extremely
pleased that he has agreed to collaborate with us cn this work and feel his facility wiI1 allow the
rapid recovery of’high quailV data. Our samples will be run against size standards and scored using
protocols already in place in Dr. Lanzaro’s lab (see attached letter and Lanz~o et at., 1998).
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Appended General Laboratory methods

Extraction ofDNA - Tissue is dissected from frozen or DMSO and sodium chloride
preserved fish uzing a single edged sterile r~zor blvde. DNA is exlractod from ~e tissue by
digestion in a mixture of CTAB and Proteinase K for approximately 4 hours at 55°C.
Proteins ~re removed from the digest mixture by repeated extractions with phenol chloroform
and the DNA is ethanol precipitated, dried and re-suspended ~n 10ram Tris (pH 8.5). Tiffs
method has been used successfully to isolate DNA from a range ot" invertebrate and fish taxa
(Dawson et al. I998).

PCR amtflificafion of D-loon DNA - For the tidewater goby, arrow goby and staghom
sculpin D-loop DNA is anaplified from genomic DNAs using primer~ to the proline (CR-A)
and phenolalanine (CR-M) tRNA’s and standard PCR conditions (Lee et al., 1995).
Attempt3 to use these primers on bay pipefish failed. Idowever, D-loop DNA has been
successfully amplified using primers to the tRNA threodiue and conserved regions in the 12s
gene.

Single Strand Conformation Polymorphism of D-loop DNA - Amplified D-loop DNAs are
screened for unique genotype using a restriction digest and SSCP. Amplified D-loop DNAs
are cut into small fragments (200-300 bp) using suitable restriction enzymes (Figure 2) and
digesting at 37°C for 2 hours. To single suand the DNA, the digests are heated to 95~C for 3
minutes and immediately cooled on wet ice The samples are electrophoresed at 4°C ha an 8%
acrylamldedbis-acrylamide non denaturing gel. Migration patterns of the multiple digested
strands are visualized using SYBR Green staining and the location of structural differences
determined using a restriction map of the D-loop sequence,

190 2,00 300 ~ 5,00 690 790 800

310 ~ ~g 349 147

~3

Resm~on Enzyme~: Dpn 1, G~TC; Dpn2, Nde2, Sau3Al GAT~

Figure 2~ Restriction map of a tidewater goby D-loop in~licating ~e resmction enzymes to be utilized for
fragmenting D-loop sequences.

Preparation of D-loop DNA for Sequencing - Once the D-loop of an individual has been
sereaned and shown to have a novel genotype, the PCR amplified DNA is i~olated from the
PCR mixture using QiaQuick PCR clean-up colurans (Qiagen). The DNA is alated into a
small volume of 10mM Tris (pH 8.5) at high concentration and either manually sequenced or
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sent to the DNA sequencing facility at Califbmia State ! Jrdversgy North6dge for automated
sequencing.

Manual Sequencing olD-loop DNA - DNAs are manually sequenced using the Sequenase
2.0 DNA sequencing kit (Boehringer-Mamflleim), and visualized with gel electrophoresis
and autoradiography. The primers ~sed to amplify the D-leop from fish DNA are used to
directly sequence the PCR ampfified D-loop DNA. The forward primer (CR-A) is used to
sequence from the tRNApr° end of the control region to the pdiy-T region and the reverse
prirner (CR-M) used to sequence from the tRNAPr~ end of the control region. In cases where
the amplified product is in low concerttrarion, the DNA is cloned prior to sequencing using
the TOPO-TA cloning kit (Invirrogen). These templates are sequenced using MI 3 Forward
and M13 Reverse, universal primer sites located in cloning vector flanking the inserted DNA.

PCR amnlification of microsatellites - The primers to amplify microsatellites from tidewater
gobies have been provided to us by Holly Mendonca who identified them as a component of
her research for a Master’s thesis at San Jose State (see attached letter and curriculum vitae).

Locus Repeating Unit Product Size No. of alleles
2 (AC)~AA(AC)10 152 2

8-1 (ATCTCT)5 146 3
12 (GT)I~ 133 3
~.4 (GA)vG(GA)II 233 3
22 Complex GT 281 Not analyzed

These primers are not highly variable, however to date they have been used to sample across
only three closely spaced estuaries. We anticipate substatuially more variation when they are
applied to samples across the geographic range of tidewater gobies proposed in d’fs study.

No specific primers are available to eanpli~ microsatellites from arrow goby. However, our
preliminary D-loop data support a close relationship between these putative sister taxa
Swift, pets. eonam.). Arrow goby and tidewater goby sequences tEr the D-loop align
smoothly with insertion of 2 single base gaps into the arrow goby sequence. The sequence
exhibits 8% divergence from tidewater goby (compared to the 3% divergence within the
tidewater goby), a reasonable divergence for closely related tax~ Thus, we will apply the
primers developed for the tidewater goby to both the tidewater and arrow gobies. It should be
noted that a number of studies of microsatellites in salmonids have successfully used
microsatellite primers derived from other species and genera of salmoind fish (McConnell et
al. 1995;Nielsen et al. 1997). In additiota a study of cross-species polymorphlsm reveals
that microsatellite primer sites are maintained across widely divergent fish laxa and that
locus heterozygosity is, in some cases, high across very divergent taxa (Rico et aL, 1996).
For example, the mierosatelfitc Gmo02 derived from cod is highly polymorphie across 7 fish
from 3 orders of teleosts as well as in sturgeon (Rico et al., 1996).

We have five microsatellite primer pairs for the bay pipefish, |hut of which have been
provided by Adam Jones (Jones and Arise, 1997). These primers were previously used to
assay parentage in the pipefish S. scolvelli where they were highly variable with 19 to 29
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alleles per microsatellite. Although one of these primers sets is known to amplify in its
congener, the bay pipefish (3ones and Avise, 1997a), the utility of the t~thers has yet to be
assessed. In addition, a micmsatellite primer set from the stickleback Gasterosteus acuteatus
has been shown to amplify in the bay pipefish (Taylor, 1998).

If the available primers prove mad~’quate for all or any of the three species in this study, we
will have enriched microsatellite libraries constructed. An enriched library dramatically
reduces the time required to screen for microsatellites (see attached letter from Ken Jones).

Analvzina PCR amplified micmsatellites - Microsatellite samples will be run at the
University of Texas Medical Center, Galveston in the laboratory of Dr. Lanzaro, who has
extensive experience with microsamllite studies. His laboratory, is equipped with an ABI 377
and robotics dedicated to mierosatellite work. We are extremely pleased that he has agreed
to collaborate with us on this work and feel !fis facili .ty will allow the rapid recovery, of high
quality data. Our samples will be run against size standards and scored using protocols
already in place in Dr. Lartzaro’s lab (see attached letter and Lanzaro et al., 1998).

24

I --01 41 46
1-014146



346 W~ L~ Roy Av~me
~ CA 9

I --01 41 47
1-014147



FEDERAL FISH AND WILDLIFE PERM/T ~’ ........ ,-=

ON LANDS SPECIFFED WITHTN THE BODY OF THE PERMIT.

D. Further conditbra o faud’~orimtion are �oma~ed in the a~.ched Special Trrrm and Conditions.
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P~ge 1 o~’9
TE793644-I

SPECIAL TERMS AND CONDITIONS FOR
Dr. Carom C. Swif~

You were previously issmed this perfmt on Novrmb~r ] 5, 1996. "l-n~ terms und conditions
set forth in :h~t permi~ ar~ hereby superseded by this am~tdmant.

2. Acc~mnce of tiffs permit serves as evidence that the perrnittee undersumds and agnes to
abide by the "General Conditions for NalJve Endangered and Threatened Wildlife Species
P~rrnits," .~0 CFR Pm’~ 13, _sO CFR 17.22 (endangered species) und/or 50 CFR 17.32
(threatened species), as applicable (copies a~ched). In addition, the permiuee must have
any other applicable Stale and Federal permits prior to the commencement of activities
authorized by this permit,

3 Authorized to: ~ke (capture and release, r~-~in for lab studies, and sacrifice) the
tidewater goby (Eucyelogobins ~berry~); ~ke (capture and release) tha unarmored
threespine stickleback (Gasterosteus aculeatu~ williar~onO; and rake (harass by surv~,
capr~e and release) the California red-legg~i frog (I,~ana aurora drayton,S) in
conjunction with presence/absence surveys and scientific studies to enhance their survival
as specified in the permittee’s August 4, 1998, amandment request in accordance with the
conditions sta~ed below.

Fe..-mitted acfivifi:s ~re res~.~ct--d to lagoons, estum-ies, und other arena of suitable habitat
in coastal counties of California between and including Del Notre County and Sun Diego
County, except where otherwise specified below.

Proposals to cunduct activities pursuant to this permit at specific locations within the
above referenced m-~as must be submitted in writing tu the appropriste Fish and Wildlife
Office (FWO) of the Fish and Wildlife Service at leas~ 10 days prior to conducting such
activities. The appropriate FWO is determined as follows:

For Del Norte, Humboldt, and Mcndecino Counties, contact the Coastal
California Fish and Wildlife Office (CCFWO), 112.5 16th Su-eet, Salts 1209,
Amain, California 92008 (telephone: 707-822-7201; Pax: 707-822-841 l). For the
Cenu’al Valley hydrographic basin and the coast ranges north of’he Santo Crttz
County line, contact the Sacramento Fish and Wildlife Office (SFWO), 3310 El
Camino, Suite 130, Sacramento, California 95821 (telephone: 916-979-2725; fax:
916-979-2723). For areas from Santa Cruz County south to Los Angeles County
north of the Angeles National Forest, contact the Ventura Fish and Wildlife Office
~’FWO), 2493 Portola Road, Suite B, V~ntura, California 93003 (telephone:
805-64~1766; fax: g05o644-3958). For a~ens from Los Angeles County
including and sou~h of the Angeles National Forest to San Diego County, contact
the C~rlsbad Fish ~nd Wildlife Office (CFWO), 2730 Loker Avenue West,
Caslsbad, California 92008 (telephone: 760-431-9440; fax: 760~31-9618).
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EAMM CHURCHILL SW~T, SS# 548-54-1~35 CURB, ICULUM VITA Feb. 1999

346 W~t Leroy Avenu~ l)¢gre~: A. B. Zoology, U. C. Berkeley,
Arcadia, CA 91007-6909 M.A., Zoology, U. MJch, Ann Arbor,
626 447-5846 PhD, Fla. St. Univ, Tallahazsee.

Academic Pos~tio~: (mo~ ~ first) Emeritu~ A.~o~. CIlr~or of Fishes, Nat. Hist.
Mus. Los Angeles County, Visiting Asst. Pro£, Biology, Loyola Marymount Universky,
Los Angeles; Assoc. Curator Fishes, Na~mral History Musanm of LOs Angles County;
simultaneously, Adj. ASst. Prof. Biology, Univ. S California., and imermittently,
ConsuBant in conservation biology and fisheries of southern California freshwater and
esrunnne fishes.

ReScal-,,.h Inter~: The biology, systematics, and paleontology of fr~hwater and
estuarine fishes. Most recentiy the conservation biology of the federslly endangered
brackish water species, the tidewater goby, Ea~logobi~.~ newberryi. This species is
narrowly adapted to the upper brackish estuerine zone, and is sc~’ed in semi-isolated
populations over most of the coast of California.. l~s biology and systema~ relationships
con~ribule to the understanding of the evolution of org~nism~ into the estuarine and
brackish water habila~ and the evolution of north Pacific coastal faunas in ganeral.
Habitat alteracion in much of California has led to a f-edera[ e~dangered listing for th~s
species. Its biology, proj~’ted ba~amu’ds in time, has also co~ributed to the
reconstruction of the ~ngnia] conditions of many California estuaries. This information
is very. importam to the conservation and restoration the ~ mershes in California.

Gr~nts: Research collaborator with Dr. C~orge Dales. Use of fishes by the Harappan
Culture Pakistan_ Smithannian Foreign Cu~eony Program, 3 years; Co-p~inclpal
investigator with L. Barnes, E. D Mitohe[[, NSF EAR-79]6508, Palan~olo~" ofth~
Sharlaooth I-~ll Bonebud, 2 years; ~.esearch collabor~or with Drs. B. Berlin,
(co-pnncipal investigators), NSF BSN-7916746, Field ethnobinlogical arahropology in
the Peruvian Amazon, 3 years; Co-principal inve~gator ~ R. J. Lavenberg, NSF
DEB-8008088, Devaloprnem of Ichthyological Resources, 3 years; Co-principal
investigator with J. Chovan, A national traveling e~hibition on the biology of sharks,
NSF Pre-Co]l~ge Education ~ MDR-g751868, 2. yeer&

(:unties: Freshwater fishes of southern California, survey and ~ort. Cali£ Dept. Fish
and Game, l year, $75,000. Status of the native freshwater fishes of southern California,
including the s~us of the esmazine tidewaUr goby, gucyc/ogobms newberryi, with
recommandatio~s for preserves ~o maln~in their exisl~ce. California Denouement of
Fish and name Conlra~ FG-7455, one yoer. Conponmve Agr~’mem, N~fiunal Biological
Set,inn and Loyola Marymount University for study oftho biology and habita~ of
tidewater goby on Vandenberg Air Force Base, San~ Bs~oer~ County. ]
$56,000. P~pere ck~ record3’ plan tidewater goby, U. S. Fish and Wildlife Service,
$5,600. Prepare h~s~nrical analysis of coas~ estates, habi~t changa, sad ~storstinn
options, momh Santa Maria Kiver, Santa Batoara County, CA for California
offish and Game Oil Response Team, $15,000. Co4mthor, U.S. Fish and Wildlife
Service Recovery Plan for Endangered Unermored Threespme Stickleback. D~I Survey
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for the world comervndon of fishes~ for "~e Ime~afionaJ Union for Conservation of
Nature and Ngttra] Resources, Switzerland. Biology of the tidew~er goby and
nmuag~m~ of aquatic exotic species, M~ine Corps Base Camp Pandleton, CA. 3 ye~t~
$25,000.

Major PublieattJons: 1986-p~ese~t

19~6. Swi~ C.R. Gilbe~, S.A. Bom~e, G.A_ B~,gess, ~ R. W. Yergcr.
Zoogeo~ap~y of the fi’eshwa~ fishes of~l~ sou~h~-tc~n U~ited Snttes: Savannah P~v~r
to ~ePontch~train pp. 213-265. I~: C.H. I-lo~utt andE.O.
Zoog~aphy of Noah Am~-r~cm~ Fr~shwnter Fishes. Wil~ Int~sciance, N.Y.

1989. Swi~, J.S. Nelson, C. ]5~ow, and T. Stcin. ]989. Biology
Me lidewat~ goby, E~cyclob~s newberry~’, (P~e~, Gobiidne) of California. Na~. I-~s~.
Mus. Los Angel~ Co., Con~b. Sci. 404, ]9 pp.

199& Swi~ T. H. H~und, M. ~ a~ R. Fish~. Stems and d~su’ibmion oft~
fi-eshwater fishes of southern California.

199& Ch~p~cr 30. Dis1~ib~oa ~ud m~gr~ion. Pp. 595-630. In: C~rl Bond. Biology of
Fishes~ (~ex~book) Second E~on. Har~or~ Brace, aud Co., P~ladelpJ~a.

I~. Laff~r~y~ K., P,. Swensoo, ~[ C. C. Swift. T~i~vnte~ gob~, ~ sp~i~s
profile. Environmental Biology of Fishes, 46:254.

I~99 K. Laffer~, C. C. Swif~ ~d R. Ambrose. ~on and re~olonizntion of
pOpt~.tioos of the endangered tidewater ~oby in southe~a C~lfforni~: # metapopulatio~?
North An~’ic.~n Jo~n~ of Fisheries Science (In Fr~s).

Manuscript ~n preparn6on: California Coastal Lagoons, historical and r~,.or~ion
perspectives Contra~ fi~r book ~ U~versi~y of Califor~a

Teaching experienCe; Comp~ra~ve Ver~bra~ Anatomy~ Ichr~yo]osy-Herpntology,
Ver~ebrat~ Paleontology, Evol~o~, Embryology and development (molecular cmpl~als),
Introductory Biology, R~’~e~rch Semin~ in
Na~al I-~sto~ of Sonth~n Csliform~, Env~ronmanlal S~iance, Introdu~o~/Bio~,

Fellow of~ ~y. Ho~ ~ ~s ~l~ m~ ~. $~. ~. H~.
(~), ~.V~. P~., ~-Nevs C~ ~, ~d S. ~if. A~. S~. (~ ~).

U~ ~ine S~b~k
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Cumeulum Vitae

Holly Lynn Mendonea
3~0 Madeline Court, Paid Alto, CA 94306

Tel. Work:6SO.g59.26~, Home :650.424. I 178

Educntlon
M.S. Biology Projected graduau~-t da~: Spring 1999 San Jose S~te Uni\,ersl~’
B.S. Manne Biology May 1989 S’umma Cure Laud~ San Franc~s~:o Slate Universi~

Selected Biology Departmenlal Honoree, May 1989
Member of Goldc~ Key National Hor~r

Relevant Employment History

SR] Inl.ernat~oml
Phunnaceuucal Discovery." Division, Cancer Biology Group
333 Ra\’enswond Avenue
Menlo Park. CA 9402_5
Supervisos: Dr. K, R. Laderoute

6~).85q 3080

Areas of Experlis~
= PCR ... sequencing of DNA
* Al~finib’ and immanoprectp~lation ~irmse assays
* Preparauon of nuclear ¢xl]-ac{s, DNA and prolem from
p~raUon ~- tc~al RNA from cells, p~usmtd DNA from bacterial cuttures
* S blo~.s, N blols v4th radioacuve labeling (32P) of nucleic acid or
oligonucleotide probes; Western blots ~rith chemilumin~scem d~tecUon
~’ Transient and stable tra~sfecaons of mammalian cells umng liposome-
based methods, calcium phosphate and ei~ctropormion
* Ap,,ptosls assays asmg Hoescht slain, CHEF: gels, and TUNEL assay
* Immunohistochemis~’y of cells and tissues...fluoresccnce microscopy
= Reporter gene acuvity assay_.]ucifcrase and CAT
~ Elcctrophorests: agaro~e gels to analyse DNA or RNA... l-d PAGE
/ mini and standard) to analyse pmtein...and others
~ Tissue culture: maintenanoe and use of mammalian cell lines
~ Computer skills...word processing for Mac and PC... spread shce~s...
Netscape...

Publications

K. R. Ladcroute. H, L. Mendonca. J. M. Calaoagan. A. M. Knapp. A. J. Giaccia, and
P. Stork. Mimgen-ac~ivat~d Protein Kinase Phosp~a~se- 1 (MKP-I) Exl:~ession
is Induced By Law Oxygen Conditions Found in Solid Tumor
M~croenvtronmen~. A candidate MY-,P for the inact~vaUon of hyporaa-indufftb~e
SAPK!JNK activity, J. Biol. Chem., 1998 (submitted).

K. R. Laderoute, J. M. C.alaoagan, H. L. Mendonca, W. A. Ausserer, E. Y. Chen,
A. J. Giaccm, and R. M. Sutherlan& Early responses of SiHa human squamous
carcinoma c~lls to hypoxic signals: Evidence of pu-allbl activation o/NF-kB
and AP-] ~ransenpUonal complexes. Int. J. Oncol. 8, 875-882. 1996.
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Dr. David la~obs
D~amnant of Biology
University of Califordia
Los Angeles, CA 90095

Dear Dr. Jacobs:

This is to confirm GIS" willinsnass to assis~ you in producing miorosat~llite-~nrichod libraries to
suppor~ your research in two species of 8obies and one species of pipefish. $~l~ral~ libranes
would be produced that are enriched for at least four differant motifs, including di-, tri-, and
tetranucleotide micmsatellites. As ne~essa~, we can also assist in the identification of
polymo~hic loci tlu’ough the desisn and tesung ofPCR pnme~ developed fi’om mi~rnsatellit~-
containing clones.

GIS has extensive experience in producing and using micrnsatellite-annched libnu’ias. At the
present time, we have successfully produced Ithranes fur nearly 60 spocies, moluding a wide
range of both plant ~ ~mmal taxa. Tt~ libraries consist of approxunately 8,000 to 10,000
recombinant E. colt cells. Depending on the rootif and spe~es, enrichments ot’~n approm~h
100% for dinucleotidas and 85% for tri- and temmucleotide motifs. Thus, the 1ibranas generally
~eld several thousand microsatellite-eontaiding clones. Libraries are generally completed within
tour to six weeks ofr~ce~pt of genomic DNA.

Please note that if we am unable to produce a library that is at least 50% ~nnched, ther~ is no
charge for our efforts. Pleam also note that we’ve never bean unable to I~luce a hishly
enriched library in any of the species we’ve ~ed, so I’m confidant that w~ will be socoessful in
providing you the loci that you need.

I hope this answers any questions you might have. If you need any more information, please
don’t hesitate to contac~ me.

Sincefe’ly yours,

Ker~ch Jnn~
President
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Fcbrua~ I 9. 1999

D~m¢nt
Univ~t~ o f Califi~mia
2203 Life

I)~ar

J ~vc r~ your pmp~J on
Goby a~ ot~r ~nc fish
d=� t]~ ofmicms~¢llites in d~finin

I=~ b~n wo~ing with micn~e[li~ DNA

Bi~ 2~ m~lic ~lion). We have ext~sive
us~ ~or anatyzin~ micm~elEie gel~ {~n~n ~d ~p~) ~ in tb~a~ing dam

I would be pl~
p~)s~ =~t" c.nducting mic~tcllitc ~y~s ~d in pnwiding y.u with training on the

Sin~ly,

O~ C. ~

D~ Of Pe~(dtt~ &
C~tcr ~r Tmpi~l
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BIOGRAPHICAL SKETCH
Gregory C. Lanzaro

Department of Pathology and Center for Infectious Diseases
University of Texas Medical Branch, Galveston, Texas 77555-0609

Education and training
Ph,D. 1986 Entomology University of Florida
M.S. 1978 Entomology University of Arizona
B.S. 1972 Biology Kansas State University

Research and Teaching Experience:
7/98-12/90 : Post-Doctoral, Department of Entomology, University of California. Davis. C.A.

Population genetics of snowpool Aedes mosquitoes.
1/91-6/93: MacArthur Fellow, Guest Researcher, National Institutes of Health, Laboratory of

Malaria Research. Population genetics of Anopheles gambiae in West Africa.
7/93-8/95: Senior Staff Fellow, MacArthur Fellow, National Institutes of Health, Laboratory

of Malaria Research. Molecular evolution of chromosome inversions in
Anopheles ,eambiae; population genetics and molecular genetics of salivary
peptides in the sand. fly, Lurzomyia long~palpis.

8/95-8/97: Assistanl Professor, Department of Pathology. University of Texas Medical
Branch. Member, W.H.O. Collaborating Center for Tropical Diseases.
Researched molecular population genetics of insect vectors of disease.
Taught "Evolution of Infectious Disease" course.

9/97-present:Associate Prufessor, Department of Pathology, University of Texas Medical
Branch, present Member Center for Infectious Diseases.

22/97: Appointed to Graduate Faculty, The University of Texas Graduate School of
Biomedical Sciences at Galveston

Relevant Publications (11 of 29)
Mutebi, J-P. J.B. Alexander, I. Sherlock, J. Wellington, A.A. Souza, J. Shaw, E.F. Rangel and

G.C. Lanzaro. Breeding structure of the sand fly Lutzomyia iongipnlpis (Neiva & Lutz)
in Brazil. I. Amer. Soc. Trop. Med. Hyg. in Press.

Lanzaro, G.C., Riheiro, J.M.C., Warburg, A., Shoemaker, C.B.. Lopes, A.H,C.S,. Soares, M. and
R.G. Titus. Variation in the salivary peptide, mo.xadilan, from species in the
longtpalpis complex. Insect MoI. BioL In Press.

Lanzaru, G.C., Tour~, Y.T., Carnahan. J., Zheng, L., Dolo, G., Tranr~,, S., Petrarca, V., Vemiek,
K.D. and C.E. Taylor. Complexities in the genetic structure of Anopheles gambiae
populations in west Africa as revealed by microsatellite DNA. Pruc, Nat. Acad. Sci.
USA. 95:14260-14265; 1998.

Yin, H.. Mutebi, J, P., Mamott. S. and G.C, Lanzaro. Metaphase karyotypes and chromosome
G-banding in members of the Lutzomyia longipalpis species complex. Med. Vet,
Entomol. 13:1-6; 1998.

Mutebi, J.P, Rowton, E.. Herreru, M.V.. Ponce, C., Belli, A., Valle. S, and Lanzaro G.C.
Genetic variability among Central American field populations of the sand fly, Lurzomyia
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(Lutzomyia) longipalpis (Lutz & Meiva) (Diptera: Psychodidae)..l. Med. Entomol. 35:
169-174, 1998.

Lanzaro G.C., Alexander, B.. Mutebi. J.P., Montoya-Lerma, J. and Warburg, A. Genetic
variation among natural and laboratory colony populations of Lutzomyia longipalpis from
Columbia. Mem. Oswaldo Cruz. 93: 65-70, 1997.

Rongnoparut, P., Yaicharoen, S., Sirichotpakom, N., Rattanarithikul, R., Lanzaro, G.C.. and
Lththieum, K. MicrosateCttit~ polymo~phism in Anopheles maculatus, a malaria vector in
Thailand. Am. J. Trop. MOd. Hyg. 55: 589-594. 1996.

Lanzaro, G.C., Warburg, A. Genetic variability in phlebotomine sand flies: Possible
implications for the epidermology of leishmaniasis. Parasitul Today 1 I: 151-154, 1995.

Mathiopoulos, K.D., Lanzaro, G.C. Distribution of genetic diversity in relation to c~aromosomal
inversions in the malaria mosquito, Anopheles gambiae. J Mol Evol 40: 578-584, 1995.

Lanzaro, G.C., Tour~, Y., Zheng, L., Kafatos, F., and Vemiek, K. Microsatellite DNA and
isozyme variability in a West African population of Anopheles gambiae, insect Mol Biol
4: 105-112, 1995.

Warburg, A., Saravia, E.. Lanzaro, G.C., Titus, R.G., and Nova, F. Saliva of Lutzomyia
Iongtpalpis sibling species differs in its composition and capacity to enhance
[eisltmaniasis. Trans Roy Phil Soc 345:’~261-267, 1994.

Most Recent Invited Presentations (Since 1995)
Keystone Symposia on Molecular & Cellular Biology, Tans, New Mexico, January 9-15, 1998.

"Complexities in the genetic structure of vector populations: Anopheles gambiae in West
Africa" In Symposium: "Toward the Genetic Manipulation of Insects".

Annual Meeting, Society for Vector Ecology. College Station, Texas, October 4-7, i998.
"Pitfalls and promise of microsatellite DNA in vector ecology and systematics" In
Symposium: "Molecular Methods in Vector Systematics".

Annual Meeting, American Society of Tropical Medicine & Hygiene. Orlando, Florida,
Decemberf7-11, 1997. American Committee of Medical Entomology Symposium.
"Identification of the real vector: sibling species complexes".

SecondInternational Congress of Vector Ecology, Orlando, Florida, October 19-24, 1997. "The
distribution of genetic variation in Anopheles gambiae: f~m genomes to populations".

Entomological Society of America, Annual Meeting, Louisville, Kentucky. December 8-12,
1996. "Highlights in Medical Entomology, 1995-96".

XX International Congress of Entomology, Florence, Italy, August 25-31, 1996. "Variation in
the vasodilatory activity of saliva among populations of the sand fly, Lutzomyia
longipalpis. "

MacArthur Foundation, Network on the Biology of Parasite Vectors, Institute, Fort Collin,
Colorado. June, 1995. "Microsatellite DNA for the study of the population genetics of
Anopheles gambiae".
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U.S. Department of the Interior

Certifications Regarding Debarment, Suspension and
Other Responsibility Matters, Drug-Free Workplace

Requirements and Lobbying

(See Appendix B of Subpar~ D of 43 CFR Pad 12 )
Certification Regarding Debarment, ~uspension, and Other
Responsibility Matters - Prima~y Covered Transactions - The Certification Flegarding Drug-Free Workplace Requirements
prospective primary participant further agrees by - Alternate L (Grantees Other Than Individuals) and
submitting this proposal that It will include the clause Altamale tl. /Grantees Who are Individualsl - (See Appendix
titled, "Certifica/ton Regardtng Debarment, ~uspension, C of Subpar~ ~ of 43 CFR Pad 12)
Ineligibility and Voluntary Exclusion - Lower Tier Covered

entering into this covered transaction, without certification requirements under43CFR Par~s !2 and 18,

modification, in all lower tier covered transactions and in

and sign. (See Appendix A of Subpad D of ~3, CFR Part 12.) covered transaction, grant, cooperative agreement or lean.

PART A: Cerliflcatlon Regarding Debarment, Suspension, and Other Responsibility Matters-
Pdmary CDvered Transa¢tlons

PART B: Certificatlon~egarding Debarment, Suspension, ineligibility and V~lunt~ry Exclusion - ~-
Lower Tier Covered Transactions

(1) The prospectiva lower tier participant caditias, by submission of this prop(:sal, that neither it nor its principals is presently
debarred, suspended, proposed far debarment, declared ineligible, cr voluntarily excluded from participation in this
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PART C: Certtflcabon Regarding Drug-Ff~e Workplace Requirements

CHECKOFF THIR ~ERTIFICA TION iS FOR AN APPLICANT WHO ~S NOT AN tNOIVJDUAL.

AItemnte L (Grantees Ot her Than Inalv{duals)

A. The grantee certifies that it will or continue to provide a drug-hoe workplace by:

(a) Publishing a stalemenl notifying employees that the unlawful manufacture dJstribntien, dispensing, possession or
use of a controlled substance is prohibited in the grantee’s workplace and specifying the actions that will be taken
against employees lot violation of such prohibition;

(b) Establishing an ongoing drug4ree awareness program lo inform employees about--
11) The dangers of drag abuse in the workplace;
(2) The grantee’s policy of maintaining a drugdree workplace;
/3) Any availabts drug counseling, rehabilitation, and employee assistance programs: and
(4) The penalties Ihal may be imposed upon employees for drug abuse violations occurring in the workplace;

re) Making it a requirement that each employee to be engaged in the performance of the grant be given a copy of the
statement required by p~ragraph

(d) Notifying the employee in the statement required by paragraph (a) that as a condition of employment under the grant,
the employee will --
(1) Abide bythe terms of the statement; and
(2) Notdy the employer in writing of his or her conviction for a violation of a criminal drug statute occurbng in the

workplace no later than five calendar days after such conviction;

Notifying the agency in writing, within ten calenda] days after receiving nobce under subparagraph (d)(2) from an
employee or otherwise =eceiving actual notice el such conviction. Employers el convicted employees musl provide
notice, including position title, to every grant officer on whose grant activity the convicted employee was working,
unless the Federal agency has designated a central point for the receipt of such notices Notice shall include the
idenlification number(s) ot each affected grant;

(f) Taking one of the following a.ctions, wilhin 30 calendar bays of receiving notice under subparagraph (d)(2), with
respecl to any employee who is so convicted --

(1) Taking appropriate personnel action against such an employee, up to and including termination, consistent
with the requirements of the Rehabilitation Act of 1973, as amended; or

(2) Requiring such employee to participate satisfactorily in a drug abuse assistance or rehabilitation program

(gl Making a good leith effod to continue to maintain a drug-tree workplace Ihrough implementation el paragraph8 (a) {h).
(c), (d], (e) and (f).

g. The grantee may insert in the space provided below ~he site(s) for the performance of work done it] conneclion with

Place of Performance (Street address, city. county, state, zip code)

521 Young Odve, South

LOS Anqeles, CA 90095

Check if there are workplaces on files that are not identified here.

PART D: Certification Regarding Drug-Free Workplace Requirements

Alternate II. (Grantees Who Are Individuals)

t{~ such a central poinh il shall include ~e identification number(s) of each affected grant.
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PART E: Certification Regarding Lobbying
Certification for Contracts, Grants, Loans, and Cooperati~,e Agreements

S, UBCON’rt~CT EXCEEDING $100,000, UNDEFt THE LOAN

The undersigned ce r~ifies, to the besl of his or her knowledge and belief, that:

(1) No Federal appropriated funds have been pald or will be paid, by or on behalf of the undersigned, Io any person for

of Congress, or an employee of a Member ef Congress in connection with lhe awarding ef any Federal contract, the making
of any Federal grant, the making of any Federal Icon, the entering into of any cooperative agreement, and the exlensien,

(2) ~anyfundsntherthanFedera~appr~priatedfundshavebeenpaid~rwi~bepa~dt~anyp~rs~nforin~t~encjng~rattem~ting

undersigned shall complete artd submit Standard Forrn-LLL, "Disclosure Form to Report Lobbying," in accordance with ils

(3) The undersigned shall require that the language of this codification be included in the award documents for all subawards at

subrecipients shall certify accordingly.

and not more than $100,00O for each such failure.

As the authorized certifying olfieial, [ hereby codify that the above specified certificafions are true.

Hardy Dhillon, Contract and Grant Officer

TYPED NACRE AND TITLE

GATE
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APPLICATION FOR z. DA~E SUB~AI1TED A~pllCSr,t idelltl{ie,

FEDEPJ~L ASSISTANCE

~L.~.~

LB~aJ Name: The Regents of the U~iversi~ ~f California organ~za~a~ u~i:: Organismic Bio., Ecelogy & Evolution

Los Angeles, Ca. ~095-1406

U.S. Depa~ment of the interior

A Phy~ogeographic and Microsa~alita Study of Pacific

All coastal California Counties

10/01/99 09/30/02 29th Various
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ASSURAN CES--NON-(~ONS°I’RUCTION PROGRAMS

proper~y acquired fl3r proiect purposes regmdless {~f Federal

Authorized for Local Reproduction
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SI(~NATURE OF AUTHORIZED CERTIFYING OFFICIAL TITLE

Hardy Dhillon
Contract and Grant Officer

Box 951406, 1401 Ueberroth
Los Angeles. CA 90095-1405
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